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Abstract
GdMnO3 shows an incommensurate antiferromagnetic order below ≃ 42 K, transforms into a canted A-type antiferromagnet
below ≃ 20 K, and for finite magnetic fields along the b axis ferroelectric order occurs below ≃ 12 K. From high-resolution thermal
expansion measurements along all three principal axes, we determine the uniaxial pressure dependencies of the various transition
temperatures and discuss their correlation to changes of the magnetic exchange couplings in RMnO3 (R = La, . . . ,Dy).
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GdMnO3 is one of the multiferroic rare-earth mangan-
ites RMnO3 with R = Gd, Tb, and Dy where magnetic
and ferroelectric order coexist.[1] While for R = Tb and Dy
the multiferroic behavior is already present in zero mag-
netic field,[2] a finite magnetic field along the b axis is nec-
essary to induce multiferroicity in GdMnO3. Recently, we
have determined the H-T phase diagram for different field
orientations by measurements of the uniaxial thermal ex-
pansion and magnetostriction along the a, b, and c axis
of GdMnO3.[3] As shown in Fig. 1, there is a transition
from the paramagnetic (PM) to an incommensurate an-
tiferromagnetic phase (ICAFM) around TN ≃ 42 K. For
fields above ≃ 2 T, the ICAFM transforms into a canted
A-type antiferromagnet (cAFM) around Tc ≃ 20 K, and
a transition to a ferroelectric (FE) phase occurs around
TFE ≃ 12K. The notations ’ICAFM’ and ’cAFM’ should be
treated with some caution, because the magnetic structure
of GdMnO3 has not yet been determined unambiguously.
With increasing field-strength, TN shows a weak, and
Tc a moderate, increase while TFE passes through a broad
maximum around 7 T. The PM-to-ICAFM transition is of
second order, while the other two transitions are of first-
order with very strong hysteresis, which is most pronounced
in the low-field region.[3] The thermal expansion measure-
ments do not only allow to detect the transition tempera-
tures Tc. Together with specific heat data, it is also possible
to determine their dependence on uniaxial pressure pi via
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∂Tc
∂pi
= Vm
∆Li/Li
∆S
or
∂Tc
∂pi
= VmTc
∆αi
∆c
. (1)
The first expression is the Clausius-Clapeyron and the sec-
ond one is the Ehrenfest relation, which are valid for first-
and second-order phase transitions, respectively. Vm de-
notes the molar volume, while ∆S and ∆Li are the respec-
tive discontinuous changes of the entropy S and the sample
length Li. For a second-order transition S and Li change
continuously, but the specific heat c = T∂S/∂T and the
thermal expansion coefficients αi = 1/Li · ∂Li/∂T exhibit
jumps at Tc.
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Fig. 1. Phase diagram of GdMnO3 based on thermal expansion
(N ▽) and magnetostriction measurements ( ) for magnetic fields
applied along the b axis. Filled and open symbols are obtained with
increasing and decreasing T or H, respectively. Shaded areas signal
regions of strong hysteresis (see also Ref. [3]).
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Fig. 2. Left: Thermal expansion of GdMnO3 along the a, b, and c axis
measured in a magnetic field of 2 T parallel to b. Right: Orthorhombic
distortion calculated via integration of αa and αb (see text).
Fig. 2 displays αi of the a, b, and c axes. In all three cases
a magnetic field of 2 T has been applied along the b axis.
We have chosen this configuration, because only for fields
above ≃ 2 T along b can all three transitions be observed
in GdMnO3. It would be even better to use a larger field.
However, the canted moment of the cAFM phase is paral-
lel to c, and the torque
−→
M ×
−→
H tends to rotate the sample
in fields applied along a or b. Along all three axes αi shows
very large anomalies at the ICAFM-to-cAFM and at the
cAFM-to-FE transition. The anomalies for the different i
occur at slightly different temperatures. We suspect that
these differences arise from a misorientation of the sample
with respect to the field direction. In the transverse con-
figurations, part of the misorientation is due to the above-
mentioned torque, since the sample is not completely fixed
during the measurement. This problem would hamper a
quantitative determination of the pressure dependencies.
In the following we will, however, restrict ourselves to a
qualitative discussion, since up to now specific-heat data
are only available for magnetic fields applied along c.[4]
Because any ordering decreases S, the anomalies ∆S and
∆c have positive signs. Thus, the signs of ∂Tc/∂pi are de-
termined by the signs of ∆Li or ∆αi. A schematic overview
of the expected changes of TN, Tc and TFE under uniax-
ial pressure along a, b, and c is given in Fig. 3. For the
pressure-dependencies of TN we used our previous data.[3]
These can be compared to the increasing structural distor-
tion of the GdFeO3 type as a function of decreasing ionic
radius of R = La, . . .Dy in the series RMnO3.[1,5] Start-
ing from a cubic perovskite, the GdFeO3 distortion can be
described by a rotation of the MnO6 octahedra around the
c axis and a tilt around the b axis. As a consequence, the
c axis continuously decreases and the orthorhombic distor-
tion ε = (b − a)/(b + a) increases with decreasing radius
of R. From R = La, . . . ,Eu, TN of the cAFM ordering de-
creases continuously, while TN of the ICAFM order slightly
increases fromGd to Tb and decreases again fromTb to Dy.
In a simplified model [5], the decreasing TN until Eu arises
from a continuous decrease of the ferromagnetic nearest-
neighbor exchange JFM
NN
in the ab plane, because of the de-
creasing Mn-O-Mn bond angle. In addition, the antiferro-
magnetic next-nearest-neighbor exchange JAFM
NNN
becomes
anisotropic. The competition of JFM
NN
and JAFM
NNN
causes the
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Fig. 3. Dependencies of the transition temperatures of GdMnO3 on
uniaxial pressure along the a, b, and c axis (see text).
ICAFM order for R = Gd, . . . ,Dy, and certain types of
helical magnetic order may induce also a FE ordering.[6]
At each transition of GdMnO3, pa causes the opposite ef-
fect as pb. This anti-correlation just reflects the behavior of
ε. Using the room-temperature lattice constants, we have
also calculated ε(T ) by integration of αa and αb. As shown
in Fig. 2, the ICAFM-to-cAFM (cAFM-to-FE) transition
causes an abrupt decrease (increase) of ε.
Within the above-mentioned model we interpret the uni-
axial pressure dependencies as follows: Pressure along a in-
creases ε and decreases JFM
NN
. As a consequence, TN and Tc
decrease for pa. As discussed already in Ref. [3], the ori-
gin of the FE order is not yet clear, but one may speculate
that it arises from some kind of helical order, which is in-
duced by a magnetic field along b. In this case, it is nat-
ural that TFE increases for pa, because pa destabilizes the
cAFM order and acts in the same direction as the (hypo-
thetical) magnetic-field influence. For pressure along b, the
same argumentation with inverted signs holds, because ε
decreases for pb. Since pressure along c will mainly shorten
the c axis, it also acts in the same direction as a decreasing
radius of R. Therefore, one may expect that pc has a simi-
lar influence as pa. In fact, this is the case for the pressure
dependencies of Tc and TFE, but the increase of TN for pc
cannot be explained by the above arguments. Up to now we
only considered the couplings within the ab plane. In order
to establish any kind of magnetic ordering from the PM
phase, it is, however, necessary to have a finite coupling J⊥
along c. Thus, we attribute the increase of TN for pc to an
increasing J⊥, which overcompensates the influence of the
decreasing JFM
NN
due to the increasing distortion.
In summary, we measured the thermal expansion along
all three lattice directions of GdMnO3. From these data we
obtained how the transition temperatures of the various
phase transitions change under uniaxial pressure, and how
the uniaxial pressure dependencies yield information about
the relevant exchange coupling of RMnO3.
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